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Abstract 



PROBLEM TO BE SOLVED: To detect an unevenness (defect) such as flaw of a light-transmission material with 
high sensitivity and speed. 

SOLUTION: Laser light L from a laser 2 is introduced in a transparent substrate 1 through its introduction surface 
using mirrors 31 and 32. The laser light introduced into the transparent substrate I is repeatedly total-reflected on the 
surface of the transparent substrate 1 (main surface and end surface), and almost confined in the substrate 1 . If an 
even part such as flaw is present on the surface of the transparent substrate 1 , a total reflection condition is not met, 
causing light leak from that an even part. The leaked light is imaged on a CCD 6 by a lens system 7, which is image- 
processed by an image processing device 12. Related to the detected image, an uneven part with a flaw, etc., 
appears bright in line or spot like against a black background, so an uneven part such as very minute flaw, etc., is 
detected. 
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—r-mwA § fix fr^mHz-gtsmmiz Aitt- h n 

g.e\th&-%.crmi&*i*~>x\i&cr>x\ %<7>ftg.e\ 
zmMsm-t&zkizx-ox. m {-£msmx%m-?h 
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s*«aeK!Rri:icflg8L"r*»<5>«aE*ftafc. PA-& 

[ 0 0 3 8 ] ifc , »#tt!IMl«>£RSfiB, flfSgLffi** 

trik, iAi^i/- -r-3t*^ £r»bl vmLm 

JB(c=5r l J*<, SMlk 3§#tt%fC<0£tEH3:ffii<SO8! 

6 b Ltz b £ t „ tftg LHT'OftcDAW^ti: 9 0 • - 6» 
[00 3 9] &6^<^££3ffik£>4--ffleDlfr 

t, mmwftnz%&fm?-&zbizj:'?xfttfmte 
«w«^%-e*«aE^s <t a iz-th z t x\ m&im 

[0040] ±£Tt4^6W<0HRW 3 fir3tWtii»O« 

^< fc i>-mcr>3Lmz*rtt±m.mb . is 

k B3e-f « iJ«5r < k fc -ffloigffi k , fluf Bi^ffi 

bffimbizx^xmtmzmJiw&bz^L. mssmt 
msMftcoftmtft^mz&i-nm&izi^ mmwn 

RW£LT. fio. ^< k t-I«I«HTRtt 

tioiztemzit. \m~t& z b itzxiXM&zti&tti 
a&.$m. t^m&xmm^xmttLtzwm^mmxu 
-y-Ktf'frzm&xdizu-^-ftzmxL. mim 
Km)mmzmAi*ixfcmi-&ftcr>imwzT^--i$ft 
bziz, tmtmmRts/xtmmfrt, mm 
Ltiftzmm-r& zb^mmtrnm^^-mtm 

[004 1 1 zzx\ ±ie±«m, mm. mwomt. 



mm. mm. mwo&tt-t&itmmcjmkbvx. m 
nm mm) tt*?m*Fm. Hmwm&zitmrbti 
s. z<7)t§&. mxLteu—r-fttf. ±mm. &mx- 
^KmrnvMLxmymmfoiz mmmz) mta 

<0B8^ ( »t 5 KcDXMft ZebLKbZlz^ 

imtzx&t&w>*Jtmit9 0' -eiz%&) *h~> 

Si^H^TJW**. HM^A J: *) t>±# <=5rS J: d iz 
[0042] ±E3p^-ttl«E*«**«4i:-r* 

m9co#mt. &mmmz£-ox®;£&fi\ *7^«i 
fflwc* «.^k. mmrnm-t & zb\,z^ xtm^z 
3 mt&m-imt>fi.h z b . *cosi&tt*^»T* £ 

[0043] ±3B^-tt«0ESft»i. iSatttflflr^ 

wmb^-otz^-ymfc*?. femzmmbtch^ 

[ 0 0 4 4 ] 4*:. iiSW-flOEfrffiti. 

ix4, **ui. ifi^tcfctti»«^JKie#iKka^m»^v 

Xfoh. 

[0045] JJEO*^ •/^^fflXT9^««W , » ffifS 

mmb^KXoiz. mffiwm,^iz¥ft*±mmt. m 
±mmizm\s.^mm^L. mxLizm^wmzm*) 
mLxwtmim.ni.zmi%#>t>ixh£oi,z-thb. m 

[ 0 0 4 6 ] ttz. »fe(HWI<WF3&--tt 
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tmmmi. wm : mmm.^zv-^-±^mx-fi>m 

thzMnmmtzmt. mimw*®. 
it. mm^m^ttimttzh'—f-^. mzmxmx 

< t h-~&cr>mmx°Km- h x a izfemz-t. \m-t& 
z t nz x ixBfczti&mi'j'-%< t hzM^msx-m 
£titcm%&mmx'u-*F-ytt> < fr%mz> x a ex 

Htttc. m&<r>mm&£ft±x'Z * . 
[0047] ±.utf&mmiz&^x . mmm^mzm 

(D&nx-ftifeRMzwiymL. %&mt2#>t>tL&* 
oizxiitftm&mm?&tfwx°%<. mtmrn^iai. 
mm.nm^zizx&^w^v^zxm&htztb 

tcwzmm-ztiz,. 

[0 0 4 8] ftmm.^&<n>mmti:h(?)tLx. 
if-) t. mft&mmkcomzmwzti. mxm»mz 

»t ^Km&tet'-^^wemMkzmmLxxtt 

it, 7—7MzmfmW£W0ttli& ZklzX *) „ M3£ 

mmey-naizm^ximK&mz-tt: o . mjamnz 
«jh-* y tivr-izmmmzwmmmztt o 

[0050]^. immmmz&^x, mmm^ 
mztt Lmsmtmmmsm&mi^m&--iW}izn 



Mtmw»kmii!,^®kzmty^mztt 

L, -*Wfcffi*t»»$*4. 3r*i. **fflf»S*6IR 
RSrfflJgL. U~ F-%k'<Offl9i%&&i:&mZ-£Xi> 

m±. mmm? (ccd^-) £#*-*»*;M5i:. 
^ftiB!i«*^iiaj-r zxzmimm** y iz&m-& 
uyxkzuL. mmmz*7ms/xi±\s>xzm 
jtmmizn Lw&iMzmmmzith z torn* t 

[0052] ±ie^^gtCfcV^T, t»iB«taj*«*«« 

[0053] ztM. Tfim&mn&r&i'&^m- 

ww: if) ^ (fflw, as. lis, mm: 

m*w3fei. ws. mmfrbnmztck") <n 
mm (wig) 5-3yf A -^-fci«Ltfc#, 

i: £*f Jfrf -S. £ i: t= J: o -C^ttt^tO^-oaiS. 

tmmz&xmizmtsmwmLti'o , swecM 

Lfc 0 -f « £ i: *ST'# . ±*tt^ ftl.X'% h . 
[0054]^^. ±§BWHt«aSStJc*JV^ , mi 

iOCCD^iBiflJlJWriafcm-SeWfifJt ( 1 0 

• iog„ (s/n) ) wmttikz. jEMit 

mitmmo . 0 2 SJiLh^iJV^Tfi^l^it (10 1 
og 10 (S/N) ) 3&M.8dBtLhT'$>^£i:*W 
LV\ ZZX\ iEM-lkmftftfflklZ. (CCDCOH^ 
fU) / (A-y^^HcJDflW (20 00 0/4 0 9 



I' 
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5) xi OOXW^ haytSt &&X'<DCCD<r)&k 

«*, «a^ac«t-5Ti*fctsst- &zb 

WX'Zh. ) 

[0055] mmt^vctfA . 8 d bjjll ( w 

[ 0 0 5 6 ] 4fc % *«WK«6a^«oa!S!ttrffi 

mm&zdizis— f-ytzmmtrnx o«A-f sx 
n t . imz.m-mRTf/x&mivmmfr h z 
tttKmm-tiiftimmtixut. mmtHTMx^ 

I, 

COO 5 7] 

zm^xmm-tz . h i fcttsaHtu** ^tt^st^ 

[0058101 fcfcWCs 1 tiffi^tSfT&S*? 
tit. 02CjS'*\k S^tdttiftrt-iWfrTfflfc* 

•ri.t<7)-r'j)oT. ztm. ±mm atmsx/tm) h 
mm (mm&xmm) at. ^s^rt^At^u—r 

Sfffifc LT^m«g2rWf flKB (Tffl) ti, ft 

<nmnirmztt\si-i-&£ot,zm j )-L>tixt5K). mz±m 
mx-kBUttzmvmtximLtzftz . ttiarf-assffi?) 

[0 0 5 9] tt:. zzxn. ^zmmbLxconmw 



(mm. mm , «fagura& ltosbh (tbs) , mx 
mx'h&cmw>i*ixcommi,. mmmmztx^h 
mzigAwzmmmm-t&ztiz^xit. *mi 

SB, mmiz?J^&&bA,b'£Xcr>%if s £:%MTZ£ 
o lizmgfr&ZbtfX'* WABSjWBfSSfiTifVar 

micwmttetotftiLlLL*^ ft, SAHSrftfflflflg 
■T4 £ fcov vcfHH a&KfcafcV*- h V- if- 

-yt<n±xi}^mffh i. o izis-y-ftzmxx'Zti 
*fLT. mMmiBtfL-tztzMzmLbmimmmi 

ttSV7fy^^f /^SrM^-TS i t lz X -oX t , 

[0060] ^bjs^ i « N zcomwx'co^im 
mm2ti-rE.'?miiift(ow&z®%b-t&rc#>iz^ ? 

352 1 HffitfLZtlXtS *) . #SftiB2 1 CU9^EK 1 
[0061 ] iO^B^« 1 fc*t LT . ^-tt^^S 

&tz^wi&mm»htix\^. fm^ffli. wn 

5-3 1, 3 2kSr#*-4. dil^l^— >f-2, 
5 7-3 1, 3 214, MWmfcICO— ffll aOfimzis 

— 9"'- 2&tf 5 7- 3 1.32 Sr^H«« 1 RX/mm^ 

mztt uammzititiib. mwmm 1 

<£IS£ L , U— T- 2 2Stlf 5 5 - 3 1 , 3 2 #SWi£$E 

S . ( SrtJ , jSms 1 &t/^tli^gtc|gifi^S^BX 0 
#{f, 1/—T-2, 5 5-3 1, 3 2S:I1^U, jgnjig 

\i\ ) ^HcKl. f-2RXS$.?-3 1 . 
3 2^aUfef-^ (BK5*r> tt, L'— if— 3K2r 
WA^SIRt:, CCDco^-^^S-ffoT^Bj^i 

K)^t : 5^r)■rv^S. ^r*J, 5 5-3 1, 3 2iiftJgm 
<rffl$m<7>tz#)<r>i><r)X'h 0 , 55-3 1, 32Srffl^ 
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*T AltS-fr* - fc &XZ 6J:3t, A*f£lJ£flfi#& 
5:liti)^v\ «r*j. 7JtmBSSS&&£ LTt4. 5 
5-3 1, 3 2<Dft!£$:a>t'j.-?-%b'<7)Mfflt,zJ: 

oataift*- c c d 6 jc*s«-r * u vxjk < mmt^ 

z&iii-t&itt-tyy—tLxiz, CCD(cRS^>-r> y* 

msmx-mtav. cfct-cs*. 

ttai¥&fcLTCCD£ttJB-*-4*£-. ^i'tr^- 
ifmt Ltz-i >tttfhi>t>K BAte£#Ji: 

fc, ccDd s4x*mkthtt\,zmmwm7T 

[00 6 3] 4fc. CCD6CI1 ^tBL^r^a^fi 

^T^/um^z^m-th A/D$m& 1 i<hi-l 
[oo64] mmmmmmi 2uu ccd6k«i« 

<oMa^^k ) , A££ (bsl isl 
mmi 2<Dimmzte. mwmRiz&&.-r&^&>--&v> 

ttx. ^Miziz^xn^titiMfem 
(mm?-?) mtftjjistixm. 
[0 0 6 5] <w=, miam£§mzm^x'tt~>timfo 

WSrlft3fc«£*ifi^& . ti&ftMit LX. 1 5 2 . 4 x 
152.4X6.35mm«^St> CM£D(I#0.4 

M SUBEUfc. -O#7**«<0CH#^ 02 
-f ioK. #5*^fl(cA8tLT*^S1WcS?'i&± 

mm^xmn e wmftftecx o t a# < # o . j.-? 

#9*»Sa8ii^«DAS«* (9 0- -0 ) OTBWftlc 
i 9 3 tew— r-3fc£AS*L*:„ 

«^<7)Jgt)f^{i 1.47T. HUM* <9c#S&4 2.9° % 
<T>X\ Alt8<?i£4 4. 1* i: L?t. fiP*>, <I<O^A<£> 



mz) is-y-fttfm&?hft&)&m&L%^£otz 

l»— AZ-tXti*). CffiT'O^. i£A 

X^Z&WimX'hZ. 4*s. l/-f-HtliHe- 
N e l^-if - Srffiffl t . b*— MWfi 0.5mm. b'-Z, 
(Ofetf DMlmrad, U— f — J* 1 ?— ifi 0.5m 
W. ifcR#54 3nm«l/— f-^WALtz. 

[0066]^. *®vmt hwmt. ^Rmmx'hz, 
±$mb. w&Lwcbhmwtf&xmM (fix) 

fc*4J£RT*60t\ Z.mmizAffrt&ft'DTJiiftte 

"C, -eft^'-J&OWfll <±*BSfc::l3«-*3fc«9Afttfi*r 
<? i i: Ltzb » fc: . «ffl^Altr 63fc9 A*tf%J4 9 0 • 

t. # ? xmmiz?jitLxfr^mmzmfz& ^mm^n 

Ltzw. -jkw=2t^k («i.«r, nmffibmm&mwm 
mzfrwtf.) com&iz. 'jr-Lmmz&z. c\zx\ m 

* n i $r 1 fc L, #7Xm®.<r>±mm b SSgBtAAf-TS 
ft*S:^ik (k(i^xS^rt(lU—tf-3fe^^ALT 
*^±^®^SffiM(CAItrS(ia5raL. JRtCAWffi 
Ik=l, 2, -t-f-ft. ) b-f&b*. 8\ktf±Xs 

tbiziz^mx'hz. 

[0067]^, fHW^atJ: O^BJS^ (XT5^« 
U ) 1 F*F(cA*f L^P-1f-3fc(i: , 0 1 lz*-tJ: o lz. 

mm i <n±mmmfv§mx'£.wM t , 

2rY*rt{c«j|BfL7tfc#<oHSiiiii (YZBfiS) 
[0068] JjiLhOj; 3 #5XMrttiALftl/ 
t=5:4*^ W^^tJilA^i^T^^x^B^ 

mx"£BatiZtvrizm& 1 ^gu^mai-rc: t ic** . 
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[ 0 0 6 9 3 frfe. JJEHWfitttfMfcStHHfcJ: 0 . £K 

afclgfc, x-7";U5^SB»¥S4tcJ;oT*«l«- 
a l a <o*i*i ( X^ffa ) tc^ift^-frTtf 3 <! i: J: "5 . 

sk i ^so>p%-h±«o«bse^-c# a . bp*> . 

wr . mLft*%mm~th z t izx ^xyttm 

[0 0 7 0] i<0«aa6«^J:->T«iajLJtlS**EI 
4, H5t^-r. 04 14. CCD 6^:4: oTtfctiiLTttf 
5X*R*ffi<0«<oa«TfcS. 05(4. <BcOig^T(6]c7) 
* S — itttefe C C D K i o T «iB L itfcoff #8 £ . 
A/D3Qft» (7tn^7;«) tfrU n>" 
tjL-^--CB««BlLfct>^"C**. £<?>£# 
«ffiL£CCDJ4. *Pft3|J«fl6«:JSttUfc>f 
^fyM (^*^7^L) cdccd-c. *^IU 

300 X 1 0 3 0. ^aiX'JT8. 7 1X6. 9 0m 
m. CCD<0t£fn*2 0 0 0 011/^ huVCDtcOSrffi 

jhu «®ftfraccD<?5isie^Nai, 200msec 

[007 1] H5«xttJim<oiB*fao;ii»£^U Y 
cr>nm\yyxt. xo.45 (0.4 5fg) co&muyx 

ZmmLX^&<DZ\ 1 fcf?-te;M46. 7 [,tzm] / 
(50X0.4 5) . BP*>. *t;0. 3/xm(CfflS-ri» 
( 6. 7 J umtiCCD(9M»l»59:*#££^-r) • =5: 

fc. 3fr03$SSr 1 2 t*y M 4 0 9 6 : 1 ) fc#8?LT 
lBSOli (20000/4095) ■ Y ( Y : 

%t^wx^,tz^t<rm.mi. t°-?m-c (2000 

0/4095) x4095 = 20000al/^hu>t 

ccd (oimmnsttzmsk t % 0 . «m-<?>im<?>% 

#9x3S^<a£R»tc J: 



£co^Ti4. «*«ffi-t4£fcj&«-C***»ofc. ffi. 
B4&tfH6<^S:IfflB:&»tt« (AFM) TWKL 
Ttfcd^.. HO. 1 3//m. S!£0. 00 1 3/im«It 

[0072]^. ±ffi£JI0B»fc:*SVVC . iiBJIffig 1 

1/ — !F-3fcOA3t£l 0 i *«B Ufc l ^tefc: 
(4. f?Ut4. H2 ICS*-* 3 1£, ««*BS^<$t^KW 

»8*>J:3$ritf>&Jflv>ftff, fflKOTOOSP (CBS) 

[0073] &tc. wuMimwttv&x&mm 

izX Lfc*£fc . *«WO«aEJ5TffiC 

jjrr. zzx\ jEMfcmitmmtiz. (ccdois^ 

S) / (^y^^^y^com^ (20 00 0/4 09 
5) x 1 0 0X.U7 bn>l,zmt&£X'<r)CCD<7)&k 

warn) tjmt. fi-s§*^Jtf4. 1 0 • log 

10 (S/N) tLti. 08*^HJ^*^«J: 3 fc. fl!*c7) 
fc LT t-iirv vtf^ 3 d B **ikflrc & o ^cotc^f L , 

wtomcommiz x h i> %mt 3 6 d b 

»tcKi^s/NJtom6iiT^4fcJB*>*ts. (ft. ii 
S^fcfc (t^fl-^S^it*^^ -^-xffi^ ~>x \^h<r> 

(4, oom-^ttftcatitfcisaysis^i^ixi. ) 
m^x. mtwom&imii. -mizwhtix^&mm 
mmm\''<-)i>x'b&A. 8dB dHUd^rse-^** 

3 ^IXh-C'ft a £ i ) 5r(4 a A»fcjSi . ^Tfettfe 

[ 0 0 7 4 ] ±ie«0HJ6^«T«4, Att^eiJ 
44. 1* fcLfctf. iO#<O^R«S:IIOig'«W 

[0075] ^-r. (4 1*->£09 tc^-r ± 3 tC. ^HJS 

Ml O-ffl (y«l*iei) <,zm->Xif£$:im2-£tztZ<7) 
WJOSS^J*^*. £co^5aI^-^3>-C*{4. 

«k|SItl 5 2. 4X152. 4X6. 3 5mmt* 
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U7s$ktf?x<7)®m& i . 47tu jrasK i mmco 
jk^^-t) t,zxm^-hmk<n-}j\p\*m-'<'? v>v (me 

^h/P-) £ (0.0000000 . 0.6864532 . -0.7271740 
) kLtz. ^Sil^-^gy^^iai otc^-r. 

[0076] hi oic^^r. xmnta. ymt<mm 
l^zxmtx^^mmzmtz^mm (±m&) izm- 

[0077111 Ocr>&XMftT'CO$km%.M®m.Z 
y lz Lticotfm 1 1 X'h& . 0 1 1 frt>hfr& Xotz, 

AW^SrM^-r&co^J:^. J>-g>v>«4. 3IA-r£^A 
St£iJg£3a2i§-£l> J; 3 £ LT fc J; ir>. 
[00 78] 01 2fci4. Alt«4 3. 3 5' lc 

tiJt436Krt<»Me<OfiaS<0«^**L,fc. 012 

( i ) . ( 2 ) . ( 3 ) tt-t/i-piiaiHswiiafcys o 

0, 2 5 00, 6 6 IE <»iB"*) tfWtfJttJRT**. 

i2ic*tJ:3ic. ^m^Km^woML-zmm^ 

MtbR <~tXo iztef&tZ, Z\ k tftefrh . i^y 
= a. U— v a >o X 0 t . a^HR<o-3fl ( y 3rm ) (c 

ffl(x3Wd) (=»->T**^lEUfc9, x*- 

[00 7 9] iXt. H9cOj/5 ytCfcfrt&C 

bco®. #9**K<D8*ras ( v— f-^mmzMm 

3, HI 4%X/mi 5tc^t". ft. COySalz-ya 

>-tj±, tfjxm&comiftmz 1 . 4 6 (i— -r-^ 

jfcft5 4 3nm{;ifflS) £ L. Cffi«0«£0. 2mm 
(013). 0. 4 mm (014). 0. 8mm (01 
5) fc£fcgH£*:£fcCPM±. 09(c:BWtfi : -^i-'$ 

[0080] 013-01 5*JiX«>*>s&»4J:3fc:CiH 

14, a^6Krt*fiat LTSSCffltAftfU^^. C 
Bfc Alt LfcftliBWM* # <fc 0 i^ST'Aftf £*U> 

fc*>fc£R»3*m:«ffl lt 3 <ox, ci^ 



<4. CjB<0«&'hS<r*ttfS^. 4-E«fflLfc7*h 
VX?M5XM( 1 52. 4X152. 4X6. 3 
5 mm) «SBR«lHBBa& t 3 0 0 @SJK'C**Uf 

J40. 4mmiilTA i iftLV\ 

[0081 ] CHWftCO. 4mmt*l.l 

1 1 tm 1 4 k £*TJtir& i: . ^BJ««<^S*f* (X 

RfcHSrT £ £ & . £B(.tt&n-tffif£t&t:#> 

k\ WJUMSmmittSK*'). -e*Ucfi!^. 

j*[*#* LT U-*-3te*5«***JW-* . 
[0082] 016^(4. ilSySaWyay^o 

*3iBffl^rt^AUfe«^Ml»^«i»*^. z\co 
ySay-ya/fd 1 OCffifcSTS3tig! 

<50^T[6)2:^-r^^ h;P$: (0.6924. 0.3823. -0.6117) 
i:U CixJ'm^fr(4±ia>- Ulz-ysV (09) 
fcN-tL^, 0^OJ:otc. *A$ix^*a(4aHjs 

s i d 51 l . aasrt tsarwcm t&#> 

[ o o s 3 ] =sr*j. m&jmnfsmtz&z. ht.mx 
LKftim^mtm<?>£8mzm\. ^< -r x ? a 

»3t«3iJC7CO*i*i><.iJ'WKx', y, z) fcSjeu 
T. S«±^^-j±f*^7t?:»A-r-I.J:0i>. ±ieH 

mmm^xdizmmtmmcoh^-mm^^. zcom 

Mrt-C^R«*ft*St£-r*A««**»ftT3te*3l!A 

[ 0 0 8 4 ] 4fc » ±I£^IIS^«T , (4. 3MK 1 <0 
-ffll a*>^>l/- If-^Sr^AL^^^fffe**. -ix 
tH^-f. -jaib<50*[ftj7&^3KSr»A§*feO. ffll 
ai:3ai b«0^[6l<O2*[p]*^3te2r^A$-li:-t«aE5:fi : 
-5ti>^Vv ffll afcffll b<7)2^[6l3&^5tSr^:ALT 

[0085] Huaoil 0 . *^HS{4^"7XC0^t^S 
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MzttLxxfo&z^&xmwmiiiizmLx . & 

m&micr)^~UttX'<F>?i-**cri®M. *^*t«t»3H» 

mznLx-ftftVttt-thxmx'fo^tztLxh. ±k 
m*m o &-t7&nx'*<vT-&)-UMmx %u\tnfrt>m 

BnZti&Ztl,z%:&KfrX'hZ>. ZtilzttL, fejkcrrf 
3te0BSJt$r^f x V vtfcft . Jt$WA£ *1M X<VXm 

<,zttLxi>i3iimzir?&xmimkA,t'tiiiiiX'Z%fr 

[0086] tf7X<omMmi£WBm%:. rn&rn 

urn tx-mmmtzmm ? xmnmuzmLx t> . a*f 
-rut, Jiawt^aite^arej).?.. 

[0088] ite^Kr^Ji. 7*hv^; 
mmmmmx-h & x^zsr?* hu-h ^mmnimkco 
®&xm*X'm^i>ti&w. ^5^xM/-htii 

MJMm.comHz£iX. A&S 

±0. 4mm, : ±0 . lmmgg) . ZCOtzth^ 
tf^>&£8h>fc;if5.x*««0*SS«: lftlftlEH 

1f-3te£A»3#4fcV*3*HI3^tfco;fc*£\ 

n*ia) > x (mttm.) wmwk mttfiomizmi 

[0 08 9] JfvxmmizmXZtlhV- 
1f-3K£±*ffl (ISM, SB) , S£B (CMJaW) T£ 

sat* t i*^<nim(?mx'it&m8.-r&& 



[0090] -r&i?*.. i83tew«rtojK»*«3te*«e 
fy-coi^izim^witmBX'-£%.mmz m&m 
mftTTMft&z^tzvxmxwmtofcftzmA-f 
zztizx*). mti&w&cnFmmztf h^>% 
mtmimzm-hmm%±&m&mz$r'y<m\^fo 

-5tt, -€*[6]C0A*t3t&^At-&c0t"«=5:< » Att 
ftS^iS p ##»A3 LS:** <»MS»*e 

JK-* St#tt»K*>IW« * TiiivS: < fttfftS « 

[009 1 ] milztt-f&AttPi&ZZmmt&^&b 

ayv*-?-%&zmmZtiftBZ£&m&)tzfflWX'Z 

LTAIt^£^i&$1±-£i>«T'&o-Ckl|V^ £«{c 
*rr*AS«U»i. «ilf. ±IB05^'5X*^^& 
7*bVX?M5XiS ( 1 5 2. 4X 1 5 2. 4X 
6. 3 5mm)<^, U— f— ftCDAIt A <9 i £ 4 

5 . 0'M4. 0 • <9&BT'51^tfK^'fL$-tf 6 1 ft 

[ 0 0 9 2 ] *Jfc, WiEjaM6tt»«^0l^— !f-7fec7)# 
Ate. S3ttt%»tf0tf fgtcS^^ ft 3 i fc (c J; 0 , mz 
mt. (ft) c7)@3ttt!tDSc7)^5S5:fra t^tc. Sfi^W^ 

[0093] ££-C«*tta**>fl!*fctt. 

(^^^(i'MlS (Sf«^) izmt) i$r&%b't,zm^ 
hz\btfX'*&. 

[0094] mffl®nbmm^®b<7)nttw*im!m 
->xm ^ixtzm&imimm&izmgt s <st#&£ 

ift»t4<rkKJ:0, *» (ft) <0«aE*ffd tst, ss 

su^^xt-a^i^— tf-T»a!seawr4r) tv^\ est 

6 T&m^-ms: b'lz? j-V^vf-f&ayVjL-?-* 
«f «ifift±tf ZtlX V ^^V^»KStl^IX *) < tztt)<?>T 

[0095] frfc. ±IE5ai9BJBtc» Mie^tiJ^S^ 
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mm. a# $ * mw&m^m&ifi z t l 

[0096] ZtliZ. f^MSCffStSW- 

&coiim. mm < mmzkm*?? v-,?. ^<rMw$ 
rnwsn) m. mz. mm: 

IS) 5r3ybV-^-^cS«LTfcO. Mtiot 
&til t mfieS« Lfttiffgfc £*fJtt-|> Z b 

iz£^T&mmn^£}~ftcoGm. mm. 

tt<^**l, SSL A#££«<hl>.rM;:J;9. FrSco 

mmmiKimzmtsmizmmLtz*) . mm^si 

[0097] C^ffiWffi^M^W^Il 1 O^S^SS: 

Lfc 4 4 1 u . mm i io±«ffi^E«B^x- ? £ mm 

-fh. CCD#* 7t,zm*)&£tlfzWm7-'-?!,i. A/ 
D3Hft»i l^iOx^Mi^t^i^ix. BttXiBi 
^Bl 2t=A#SftTiett»fc:l&lrt$*U WJJflarcWR 

CO^-O^TSS. SSL *S3*!pJJJW4. ifc, T— 

^5^o^»i* (««i^)i!gwffl[««oflr«) «r 
ztLxti*), ccDA*7<ow&7 : -?kmmi<7)<iLm 

■r-^fc*^. *«l*>if«>ffi« (x. y) fc. t*^ 

[ o o 9 8 ] msi i ^jjMwaKt^-awwi**** 

i, z1x*%smm&ti&thiL* 0l7OJ:d£B 

m^aisits (sfirts, hi inmm&m&mzti 

&mmv>*M£K&Lt:i>(?>X"h&) .017 (a) (c 
i. -5 55r«tttfDH«4 1 it. msL 1 awofSfcJ: & *> 

#0. 2um. gE$#0. 0 0 2//mgmi. (2r 

S!£Lfc) . 017 (b) tc^-TJ:^^<«0* 
£o*:B&4 2<i. Wg.itoW<wms>h\ViJfx*&> 

mvuzx&^coTh*). -e^renw&A^ti. usa* 

lmmmS^tCDT'S)-!.. c\cr>£ o tcBtftW*:?— >*? 



[0099] ^%-Sg^c7)^# «JtBS*tfc 

tz*>immmmi$ <«. ^^-y^^i:') « 

<»$) ^^Wflfiii:^**. =5nK ^fej-tto 

ttt iafaa»i*0sfctttc, 4-r, mummizm 
tiuaztitimRuz*tLX0>*; 3e(c«us«t*o/sai 

[0100] ^fc. ^«?feH45:|i»l.{:S/Sot 
»R1 tc*Sr4A»{M. S=2r-S*|S] ( 22jft) *» 
^3fe^^A^-l>t. *|6ltt<0»4^-e (Mi) T* 

-e^**. mm. *s$*f"ttrcss«o-cff*u>. 

3tO^AOtt^i: E 1 8 d (c9BJX« 1 0 

-11 atf0^T[fi] (X3j|6]) nzv— ¥-%li*. -ai 

•5. SSl(c^LP=5rS^OW— r-3te^l^(6l-ro 
(X, Y^lpj^ri:) *ALT«aE-*-4«tatcLTfcJ: 

[0101] 01 9£jjrf J:?fc:. Mitf. 
f-13. 5^-14. 1 5$rffi^TSBB*«l<7)3- 

^{c^v ^Tt, ±iet [Slflgtc Ltfef3tf^ 16, C 

cd^5 i7. 8{=i-?r^%— tt<o 

[0102] 4fc, ±teHSfi^«T-{i. S(R 1 ©yJW 

*£«fi38«r<. ^R{±'02Oc7)J:ot. *«10Ht 
Al^e^J: , ?. aaRl<0±351iiffli36>4>Jl-ca*4«BR<0 

t mmzmm x-z&t^o *wm%)mm®. 
[010334^. ±immmmx'iz. mmmm^u 

^. is— r-ximA-t&fcttxvHttmtLx. wm 

mzx^xwowmif&u. tmumcomm 
it. mwms.ftx* i o ^ < ^^rw^^ o « u &tuz 
m.->xT-&}—te£&i3£^-&fzMziz. cmx-hhrnm") 
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<, &tzW&*)®cr>mi'h%lMZb'1ll$.L<. 0. 4m 
ml^T. £*)ft£L<H0. 2mmOTt:-f !>?>#U 
\>\ L*>U ®Sfc>h$< (0. Imm»:)t5 

[ o i o 4 ] mz. jgmnveiBimAtmi&m&m 
mmzm^xnw-tz* 021*4, sbjsks-sso-ts 
[0105] si otfcaeimfcfflfcvtff-ateftfWSriB 

[0106] aaaffiftaase • Z24 * > h 
%mtMLh%&m*mm.\ t lx. w±*hl ksb. bb 

KOffljWMfflBBSSiTJt: 152. 4X152. 4x6. 

[0 10 7] i<0XT5^»R*, gffiglW^aSSIfi 
atigL^f-^ Hb-y (05jrtf~f ) tcffUS 
*SaT0^L&V^M#^±oTMj*U *7^i 
flWX&SSW)*^ (181 ) . <I<Dk:£#7Xa«tl*J 

[ 0 1 0 8 ] <Wc, ^^3*Ufc&Sfc*-3*tteiE« 

zLxz^mtmmbccDcomfemm 

CCD<^)|JWfcStJt;U-Cil3e«W«04HPJ (A1.A2.A 
3.B1.B2.B3.-) £*t5 (02 2) (IS2) . £tf)4: 

^WL/saffi«WAl,A2,».Bl.B2.B3.-k, CCD 
<08!l£8Sfti-St Lt^l>. fflSStCffiffl LfcCCDIt 

■yf-ZL) ff)CCDX\ *ftl300xl035, 
«iajxUT* ? 8. 7 1X6.9 0mm^i,«0l:afflL, 9 
£«i . 8l£tt¥ 0 . 7 ffircUBJt Lfc . 

[ o i o 9 ] jxfc, aaawwici^— r-3t*«g*-rs 

.tot. ^-if-3K0AStfiaSVAW^iK^PS-ri» 
(Xg3) . U-f-*OA»ti«aVA9Wl*«, 3 
HJJS« k V— f- 1 <offl«W*ffiBBMR *ttaj-^4 (as 
^m^S (0*HhT) fcJ:-5T;if5x*««0fl!«*» 

1 . 4 6T\ BW«<9cjWK4 3.2° %<7>X\ A8#S<9i 
$•45.0" kU;. 

[oi i o] mz. tfyxmfcftizu-^-ftzmxL 
tztz. ^msz&v^xim^hmmnx-u-ir- 

3fr7)A8tft£^i&§-t2:& (XH4) . Ztllt. fttttto 



X\ ^7X»^<7)JnX»JKcO{f^o^S:©iRtT, #7 

*^<^i&--fi*i«rt-s:fc*>£fH#, &x 

4 5. o-~44. o" nmttvwmt&Mt 
[oiin sraHu^aitfrt-tx* bp*>^ 

ffd (IS5) . M&HrfrWi. *7Xfflg, P-if 

f-?r@£l, l/^X, CCDJHW(;ziJ|6ltf 

[0 112] 8EE«WW<P3q5^<paaE 
02 2 t-gft£A LX^tXolZ. #m Ltz—i<F)M% 

mmM<nh&mw (aixi.aiyd £ao yfWfttw 

^ru— «f-3eL36*^W4 J: 3 CWAHT-* StBJR OB 
OilLTfEjfH-SKHrt (4 5. 0°~44. 0" ) X' 

xmm^-ft^. *lt. h« 

mi^BcomW: (aixx.aiyd ttw 

%.mmuz&n&^Mo-&<otf&&. (aixi.aiyd z 

ilO ^Wf^zT^V—^-^B.m-t^ X o izu- 
<&t>itxmALXl>mi>%\.\ 

t fcwutttai-r •?» <: t s . 

[01 1 3 ] BMj!3a 

XS6tfcV^T, CCDfc:J:-»T«iajLfc^9^aeR*» 

m^m-mnztL. 02 i a^rffeoaMt* 1 2 

b*«y M 4 0 9 6 : 1 ) LBflWKI*ff p (XS 
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7) . $r*s, 02 3 YWii, 3t<03ftK£fiU 
llS l 5li(20000/4095) -Y(Y:g& 

[0 1 14] WH^MS 

fit LTWfc (2000 0/4 095) x 2 0 Oxl/? 
Nn^fcMitL (A'7^5yFA ! (20000/40 
95) x 1 0 0X1^7 bxn>VX¥cOtZ ) . fFSlSfHI 

(XS8) . 

[o 1 1 5] &*5. zcommmmx-it. m&mmiTm 

o ftttftm Lfc«B*HR«A2, A3, Bl , B2 . • •• b HUlB 
X*I6~XS8 (^CioTIi, Xg2~-XS8) £ 

BSH»aTfcWJS*ifci:$. ^7*h7XW5 

[0116] ±&Ltzmtmm<vM%mmt:m^& z t 

[01 I7]i24il *5H*oii^l*oai8!Krife* 

«A-r * ^m^yxmmzmm Ltm 2 commmmx- 
* 1 cnmmmt mm-tJM^mm^z^xitm^-t 
[0118] *&39i£«u t lt. w±« 

M ( H ) s ftfflttfi (Tl®) ayr^fflSUB (T2ffi) . 
ffiffiOffi (Cffl) imxmmZ1XtzW&.9 5mm (3. 
5^^) 0. J¥5 0. 8mm. (fMl«tf>P3?L <SS2 

[0119] ftMttfi. H 2 4 fc^f «fc a (CjgHJIfflS 

2, A3, - k m%.mmzftw\ t . aw t fc«G6««r 1 k 
[0120] w-tt<!o«BBi, nmkcotfyxmm 1 

<^f»fflSBB5*»<$>W-ir-3KL*P3»?>4i'|j> (O) ^fafc: 
|6]-?TgAU Wa*1HfcrtJira£*t»¥€E&Ifl ( r 
#|6j) *>-™>j'C3&&BJtia» (»9!»SW>W±*lIi 

•tstc-*-*) , n®5rni!ig$^igiii^a (la^r-r ) 

(<?*|6J) &m*-£Wt>ff : 5. ft*WC. 02 55: 



$A1 (Alrl,A16>l) £319 r^rifiJiCTffSrl' 

— 9*-3teL*«glW*J:3fc % l^-f-2 5, $7-2 
6. 2 7(cJ:'9»Afl8'C&4H»l'5ffl (Cffl) fcl^-f 

jgL"CeHW-4tHffll*i (4 5. 0°M4. 0° ) T'A 

#5**181 fcEBES-fr, |SI«=5r^3E2r L — -9*— 5tSr <9 
im&m2ltX. m&BHHto (Alrl,A10X) 

attefcwc, p-f-'-Tt^A^nasort^fflBS^^A 

St£-£T i i < . rtffl2MWEWH<0W#J&>& AStS-fr 

[0121] Htnem i nm&nmmt mmtz. mmm 

AlT'(ifFSffiH£ei.?t^:Pg*^l,$ix^3& i o^c7)T% 
&SHSSA2, A3, Bl, B2, • ■ - (C«aE««*s&»i , MSBM 
«A14:R«<05|^-tt<0«aE*ffofc. PM##7*« 

[ o 1 2 2 ] &tj „ Kriam i (ommcrmmt mm. $>& 
^mmx'¥f®!mzMttxmtfm,ztifzWr&, =f 

[0123]^, fflSMG&j&RlfMSttmtZtS^ 

x. aiMfittuiitowHt (aps) ^^sna-fijtewn 

^AlfcO, »4^S<^13tSraiofc3e*»Ar4i 

Sr fiJffl-T S £ f: «t o X BX 0 ^ < <I b WX'% h . t. tz , 
^*W^«7)M3t2rJS^fc3K£#A-r«»*&{±. U-U 

[0124] S83l£tt1Mt<OWH!fe (APIS) 
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trnxmAft* is yxmcDft^mzXiTMKLXM'h 
■t&bmz.mftz ntz u—?ftfi<mAM± k> wtmi 

[oi2 5i*fc. mmmm.^m-^ (xm 

x. 026^^-idc (mm(i)ummm. (2)am 
mmmx-hz ) . mm^mmm^±^m. mm. mm 
<omz?tr&ffi&®¥m.Tb-ox. mxm mm*om 

-r mAmwhvrnmimfr L>fttfmitiL. 

(vmxfoizmmm Ltz%y r 4 ^-^wzm%w 5 
oizzixmwtt&zbizj: *). mMK>m^^mniitz 
K*mi> : imm)MmzmAX'Z&e>x\ mxzi&mL 

X. mALKU-^-ft£X K>$)%mz7Fi%-%llftt,zM 
^H-t&ZbtfX'thcnX'. ^ybyXYifim±L. iS 

mm ■ mmmcomtai^imt^:^. 
[0126] &Kmzm&%mziiii&mimm. rxs 
mmMumztufzmi . m2<Dmtmmx'iz. mm 
it±if$titimm£^&Mft'&®ittLx. *r? xm 

f^fr^xf'/;^ *&m<?)%?m&%b\ max 

[oi27]^< mm^mzn^hmmm. r 
vmmwm-tfMz&tfhmi . *2 m*m 
i^mimmi±±ifiitvfi:mmt:ftt&mzmft:w, 

mm*tthfflwmsLX'%,'>x%>mi>%^. mu$. ? 
* h-?x7mtf7xmfcX'h&tf7x*r7xbu-bcr> 

mirtziz, ^f-ytwfcZix^^mimtD^mi,* 
mmmmt^^^h^fz'o . iMfa^ffl*7x 
m&mwnmwti<.zti%^3immcoftm 
wmmmzmmtttif L^m^^x-hhtK -eo 
mmit±ifztLX^*^$m±iz'? y+yrt-j 

)Um<Dmfa£Wt5-t& Zbl/ZX-oX . %<r>mmtfht:fr 

i>mmi±±ifztLx\,^mm (m#<D&&mm. mum 
bd) t%&cox\ *ftw<o&&-%m. m&mmzx^x 
^-m^^-thzb^x^h. mz. mmi±±.if 
£S6L-o^»c\ mtm>i'ft<7)ftmz?p(EthT- 
m-mft mm. mim co^i^Ltz^w,^ 
iz-mix-bh. 

[0 1 28] tea. mJMmzmfcfhtz#><7$m-?h 
mwb\t. K¥MShizm^t>tiz>-?>v^y7*'(>i< s $>M 

AM. fc&Wi. #7X<rr?r)mwm\t{:b'tfmft>1\ 

h. &3ffi®)®cDimizmiLfzmmz. m$iLfz&i> 



^&mtt%bizmfcLtz#mb%-?xi>£<,\ &tz. m 
tiwmwrmbLxn. rn^m*) (m^x^y^j^ 
i>v%b'tzmm&£ j £xm*)ttv&) . xru-m 
m. xt'yi-b%b\ mtmnmnsmiz^mzmfi 

X'Z&i>co%t>li. b'(VZ.ottm£m^Xi>£\,\ % 

mmi-zm&'mjfimKb'izfctxm's.wm-t 

[0 1 293 **:. mtsmmsKb mmfaominm 
^mm- b^-hb.m^ Ltzmmim<r>mfomffit>K 
K¥mzimnM*mftmim<7)imb*K> . wmm 
'B.w.zmA Ltzftzm.mz&ms Lxnmzmtz b & 

i.46) ttztfx <m^(otihcnx\ m^m^< . 

1 . 52). iyf5y-a- m$i&. mmmi . a 

9) . (3»Wb<iM/>\ ®#f^i. 7 

4 ) . -fe^-a (mufmi . 52), >- 

(S*f*l . 48), T^T^v^X (ffip D a^,. ®Jff^ 

1 . 4 ) . ^"j-ty >- (gjff^i .46) KZhmfh 

[0130] ij^-y^iv^rM.. x.yr-yy—j.—Kb'co 

zbizx^xmtftm^mzm&x'Z. ^v-tuy. r 

ft&zmm-hz b tfiX'% ±tz. ii^x^n 
mmmib txa. -a a 9 6mtmmnx 
0 *)VHJ isv^-y-yRiwv i/*)\s*}si/xD**ry* 
±&ftb^h^>viSBymm%ytfhh . 
[0131] m*jmsL<r>±mi?mmtt:±if $tix^%^ 

coma?, nmz^-^^^-t^b. ^^xm 
b%h. mti£{mis7b~?x7mtf7xmm<7>m& 
fc. mm&±if?zm<7)fmxiki£~t&zbx\ ^aa 

[0132] ttz. m^tmiM^mmt. mnm (« 
m *?nmm<nmmz?&h^. /n 7 «m n 

t,z. ti>2ffl<7>SVHC*f(6]-ri.W^H?r*-r 
SS« (CT^(f . («^) ^P33i»=5ri:') fc-TS 

b. mAttz^ikfrMzm^mLxmLftizmt&fr 
t>titzw&iz%<o%<. mvz-t. mmmn<njmm^: 
mmcomizmmizfr ozb vx-z . isa^aE^sg t 

rvimnvxmk. mmmmtfyxm®. (mM^< 
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T. f~ ( H e - N e U~ £JflVvfc#, 

hWi. mffitm&lzftLXWm i 'J?%^i><OX'hii. 
If. «WW«)X*S^1/— »f— *?l-^Nd - YA 

Jf^vl/-- >F-^YAGL<— 9*-*>j8EW»«S) Srfflvvt 

[0134]ifc. ±IBSI|j*»«Ttt, A 

K^SfcSltTtxfc^. 4£. 1^-1T-**H*3C*, ± 
fBSBKBHtoJ: o fcS9-T»i$r< . i7r^W^ 

CO 1 35] 

astr* 6 fc 1 1 1 , wauKtcaiai-r s £ t a*-c 

[ 0 1 3 6] 4fc, ii*ttft«^)«H*»6»ajLfc3e<0 

[02] 01^HJ««c7)-a5^tfc^L^ffl!im0T'ft 
6. 

[03 ] aW*«£«JW4 7*;^-«)-W£Srr# 

t04 ] minm^miz* v&ftztitztfjxmmm 



[ 0 5 ] 0 4 <?)»ofttif #ga> h wstsmz. x->xim 
[06] mA<n%*%&mm. • b j») tug 

[ 0 7 ] 0 6 <7)I1^)M*> S«2PI£ «t o T 
6*ut. flW)«Sri*lC«»t**SIK#fllfc*TB!lT* 

[ 08 ] #«Ui2r&fc tfctefrfti: W»aj«BES:ltlR Lfc 

t><ox\ &mi\Mft^mizi^&mmmitcr>m&*^ 

~t-77?X'foh. 

mmmz^cri-^i^^xu-^-^mx 

[010] i9^y$iWy 3 ytci&»«fl>- 0<J2: 
[01 1 ] 01 0fcfctt4»JiS«^A»ai:*iHE 
[012] 09c7)>-5 VX^hKtz, 
[013 3 09c7)>-$ J.1/--/3 VOfiil^WCfc^jg 
X'hh. 

[014] m9cr>^z A \/-!/ a ycr)Wicr)fflt,zt$tf&m 
X'foh* 

[015] 09c7)i^5 aP— i^a^tOfltoOWCtJJtSa 
[016] aWfflRft:U-1f-3t**ALfci:*0, 5t 
[017] «M8^WHHjaE(cj: 0Sffl$ix6SBfl 

[018] ^HH*«fc2*-i6i*^p— y-ftzmALtz 

[019] 3WHWW>3— gp«t 0 U— f -ftzmx 

Ltzmw&m ^■tm^mmmx'h & . 

[02 0] ^aeR^RtAarfflafc^fe^saGRo* 

[02 1 ] mmm.<r>&& ■ ^^mmn^m^x 
n<o-mmBm£m-t7v-j-A'-hX'h& . 
[022] *m&>fflm&<vaw&i:*7* 
mtf^x&mzmm vtzw, 1 <nmmm*mm-& tub 

cr>mX'$>&. 

[02 3] 02 2^1OSI]!^®(O^^J:oT^aj 

ztitztfjxmfcmmcomcowmeyymmfrc*. mmm 
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CH2 5 ] H2 4 ^znnmm&nim^mzwftt 

0-C-&&. 
-f0-e$>-?>. 

[02 8] ^ttft«^ffiTO^^*f^frS:^-g>^ 

[H2 9] wxftjm^mftimmmz. ^n-m.mz 



[si ] 




1 sbj*« 

2 l^-if- 

6 CCD 

7 uyxs 

1 1 

12 mmmmm 

3 1, 3 2 5 5- 
H ±*ffi 



[02] 




[03] 



[04] 



(2 1) 



1-24200 1 



[05] [06] 




[H8] 



4ao 




-10JO-= 

-15.0 -j 

~20.0 , 1 , 1 , 1 , 1 , J , 1 , J 1 1 , 1 , 

o.oo aio 0.20 a 30 aao (xso aeo a7o aso 0.90 1.00 

<lE*Mfc> B*mz 



'Axmwtt ism - mmf) 
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